A technique for reconstructing point by point light emission from a plasma using a series of one dimensional, line of sight measurements is described. The method• an adaptation of tomogra- to monitor local plasma density and temperature. A spatial resolution of 2 em in a 14 x 24 em vessel, which is determined by the number of angles that the plasma is viewed from, is realized. This technique is particularly useful when a high temperature plasma is surrounded and obscured by a low temperature_, highly emissive plasma near the vessel walls. ope .
Unlike other techniques, such as Abel inversion, no symmetry in the object viewed is assumed a ,priori and .the technique can be applied to a plasma of arbitrary shape. Reconstructed line profiles are particularly.valuable when the high temperature.plasma.of interest is Qbscured ·~y a b.lanket of colder, highly emitting plasma near the vessel walls.
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'h" light is split into a number of wavelength increments, then emitted spectra11i~e profiles at points within the plasma can be calculated, giving a wealth of information on the internal structure of the plasma.
A brief review of reconstruction algorithm is given here. For a more complete description, the interested reader is referred to the collection of review articles given in the references. 2 -6 
where the'factor ~ accounts for the longer transverse of each element.
The above equations cart be writteri in matrix form;
'j=l (4) Cis, in general, a sparse matrix since the spectrograph sees_only a small fraction of the total area at each position. The only non-zero elements of C are those such that the element ij is "seen" by the kth projection.
In addition to Eq. 4, the constrant aij >0 is imposed (negligible self absorption of light by.the plasma is assumed).
The algorithm used here to reconstruct the array a .. is the multi- 
·and is a measure of the agreement between the original data and the reconstructed array. Typically o initially decreases with each iteration, reaches a minimum and then begins to increase slowiy. 6 The iteration process is cut off at thls point (typically after a few iterations) and the values of (a .. ) 11 are taken as the final values. This iteration procedure lJ IV "automatically" assures that (a .. ) 11 > 0 if the initial (a .. ) > 0 since the lJ IV lJ 0 normalization procedure described above cannot change the sign of any element a ...
lJ NOISE AND ACCURACY
Two questions arise upon consideration of the above process. The first is how many projections Pk must be measured to achieve some desired spatial resolution in the plasma interior, and the second is what are the errors in the final computed values of (a .. ) 11 given the grid spacing, lJ IV number of the projections and noise on the measured projections. The two questions are interrelated as will be shown. This is particularly relevant to plasma experiments, where limited access to the region of interest -6 - and the difficulties in achieving a large number of repeatable plasma shots may be the limiting factors in achieving a desired resolution.
These questions are addressed briefly,and somewhat heuristically since the interested reader will doubtless wish to pursue the.relevant literature on the subject. A search of the literature has revealed rio general criterion for resolution, accuracy and noise sensitivity. They are, in general, functions of the domain shape, number and positions of the projections Pk' shape of the object viewed and the reconstruction algorithm used. A set of test arrays were used prior to the work described here to determine the optimum number and positions of the projections.
In reconstructing emitted light ·from a plasma some sort of structure is expected. The reconstructed emission intensities will thus not be random-values, but will have some fairly simple form, or shape, in the region being reconstructed. The emission I(x,y) over the space (corresponding to the grid averages a .. ) can be represented by a ~)
Fourier series. The reconstruction technique used here will typically reproduce (or reconstruct) the lowest order Fourier components quite accurately, while the error in the algorithm increases with the order in Fourier series.
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The eigenfunction analysis of Klug and Crowther demonstrates this. phenomenon quite clearly. Let the emission from the plasma be I(x,y) and. the reconstructed intensity be I' (x,y). If we denote the reconstruction process as an operator F, then
It can then be shown that the operator F will have a set of eigenfunctions • 1 • where
These eigenfunctions will be determined by the particular reconstruction technique used, the boundary conditions (i.e. the shape of the vessel) and the orientations of the various projections Pk. For a finite nwnber of projections Pk only a limited nwnber of eigenfunctions are reliably represented in the reconstruction. This is because the A 's for increasingly "finer", or higher order eigenfunctions tend to n .
zero. Thus if I(x,y) is expanded in terms of the eigenfunctions;
the reconstructed image will be given by 00 I~(x,y) =~an An tPn (x,y).
The terms in the above series with small eigenvalues will be attenuated.
In practice this limits the spatial resolution of -the reconstruction.
The spatial resolution of a reconstruction is thus not in general determined by the grid spacing alone, particularly when the system of Eq. 4 is underdetermined. Whi 1 e no general cri teron for reso I ut ion has been found in the literature, a series of tests were run on the computer with variously shaped "test arrays" for the set of projections used in this work. The results of these·runs indicated that a 2 em resolution is to be expected in the reconstructions described later in this work.
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The reconstruction· is performed using the measured quantities Pk and any noise or uncertainty in these quantities will be reflected in the reconstruction. Given noise or uncertainty that is statistically independent from the signal, then the relative uncertainty in the amplitude of a reconstructed eigenfunctions, ~ , is proportional to 1/A . n n Thus, in the presence of noise on the input data, the coarser structures ' in the reconstruction are more reliable than the fine details, as might be expected.
In the work described here, the uncertainty in the reconstruction was evaluated by a technique different from · the above described eigen- ...
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.. To overcome this problem an average of the spectral emission over a number of gr~d points in the pinched region was made and is shown in Fig. 8 . The separation between channels is 0.39 A, and the entire device is thermally insulated and held at a constant temperature ('V38°c) to minimize thermal drifts in the wavelength setting and photomultiplier gains. Note that in these plots the midplane of the plasma is located at Z = 0 em. ' c::
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